We extracted Fusarium solani antigens to evaluate specifi c anti-F. solani IgE in fi fty-one patients with asthma (33 men and 18 women) and in 22 non-atopic healthy subjects (15 men and 7 women). F. solani strains were cultured in Sabouraud glucose agar and subjected to cell disruption using the freeze-and-thaw method. The obtained cytoplasmic extracts were analysed using sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). Sensitisation to F. solani antigens has been evaluated in asthmatic patients using the immunoblotting assay. The SDS-PAGE identifi ed 29 protein bands in the cytoplasmic extracts of F. solani isolates, with molecular weights ranging from 24 kDa to 112 kDa. Immunoblotting detected specifi c anti-F. solani IgE antibody in all asthma patients, but not in the control group. The predominant reactive allergens in patients corresponded to the bands with molecular weights of 24 kDa, 58.5 kDa, 64.5 kDa, 69 kDa, 72 kDa, and 97 kDa. Our results suggest that various allergenic components of F. solani may produce symptoms of asthma in susceptible individuals and they call for further research.
Today, more than one fi fth of the world population faces IgE-mediated allergic diseases such as asthma, rhino-conjunctivitis, and eczema (1) . Asthma is a complex illness resulting from an interplay of several allergenic and non-allergenic factors, and is characterised by airway obstruction and infl ammation (2) .
Sensitisation to allergens has an important role in the development of asthma (3) . Fungal spores and mycelia are well known respiratory allergens. It is estimated that 3 % to 40 % of allergic patients worldwide suffer from fungal allergy (4) . By now, the role of fungi in the development of asthma has not been fully investigated. Alternaria alternata, Aspergillus fumigatus, and Cladosporium herbarum have been reported as the most common causes of fungal allergies, and many allergens of these fungi have been described at the molecular level (5, 6) . In addition, airborne spores of the Fusarium species are also widely dispersed and common in many environments (7, 8) . These saprophytic or parasitic fungi often contaminate crops, fruit, and vegetables. They also frequently affect the eyes, skin and nails, and cause systemic infections in immunocompromised hosts (9, 10) . Among the Fusarium species, F. solani plays the most important role in IgE-mediated allergic reaction in patients with nasobronchial allergy (11) . O'Neil et al. (12) found that about 24 % of atopic individuals had the skin test and radioallergosorbent test positive to F. solani extracts.
The culture fi ltrate, mycelium, and spore extracts of F. solani contain various allergens, either speciesspecifi c such as the 65-kDa glycoprotein (13) or shared with related species or genera.
The diagnosis of allergy is usually based on the medical history of the patient, skin prick tests, and in vitro tests for allergen-specifi c IgE in the patient serum. However, most commercial fungal allergen extracts used for in vivo and in vitro diagnostics are neither pure enough nor standardised. Our study is an attempt to investigate potential allergenic proteins from F. solani that could improve screening for asthmatic patients by widening the array of known fungal allergens.
MATERIALS AND METHODS

Chemicals and reagents
All general chemicals and reagents used in the study were purchased from Merck Co. (Darmstadt, Germany), unless specifi ed otherwise.
Strain and cultivation
A total of 12 F. solani strains were isolated from the air and foodstuffs from Iran. First the samples were cultured in Sabouraud glucose agar supplemented with 0.5 % chloramphenicol (Sigma Chemical Co., St. Louis, Mo., USA) at 30 °C for 5 days. All Fusarium sp. isolates were further subcultured on potato dextrose agar (PDA), Spezieller Nährstoffarmer agar (SNA), and carnation leaf agar (CLA). PDA cultures were incubated at 30 °C for 5 to 7 days, while CLA and SNA cultures were incubated at 25 °C for 2 to 4 weeks.
The cultures were evaluated both by eye and microscopically. For morphological identifi cation of the isolates we followed the criteria of Leslie and Summerell (14) . Colony morphology was observed from cultures cultivated on PDA. To assess the morphology of macroconidia, microconidia, conidiogenous cells, and the chlamydospores we used the cultures incubated on SNA and CLA.
Cell fractionation and crude extract preparation
The fungal colonies were cultured in 500 mL of Sabouraud glucose broth and agitated in the shaker at 30 °C for 10 days. At the end of incubation, the fungal mats of each strain containing spores and mycelia were harvested using the fi ltration technique (Whatmann fi lter paper; no. 0.45 μm) and washed three times with the PBS buffer (0.15 mol L -1 , pH 7.2). A suspension of wet fungal colonies was prepared in a lysing buffer (62.5 mmol L -1 Tris, 1 mmol L -1 dithiothreitol, 0.2 mg mL -1 of phenyl sulfonyl fl uoride and 15 % glycerol, pH 6.8). Cells were disrupted by freezing them to -70 °C for 30 min and thawing them over 20-minute intervals, repeating the procedure six times in a row (the so called freeze-and-thaw method). The samples were fi nally ground by a sterilised mortar for 20 min. Crude antigens were separated from other cell components by centrifugation at 20000g for 20 min, and subsequently centrifuged at 25000g for 30 min. Clear supernatants were obtained and stored at -20 °C until used.
Protein determination
Protein concentration of fungal extracts was measured after reconstituting the extracts in 50 μL and 100 μL of distilled water using the Bradford method (15) .
SDS-PAGE analysis
To separate the fungal extracts we used a 17.5 % separation gel with a 5 % stacking gel in a discontinuous buffer system as proposed by Laemmli (16) . The extracts were boiled in a reducing sample buffer with 2-β-mercaptoethanol for 5 min. Aliquots of the sample (V=10 μL, which equals to 60 μg of proteins) were loaded on a 0.5 cm gel. Molecular weight standard markers of 14.4 kDa to 93 kDa (Rainbow markers, Amersham International PLC, UK) were also loaded on the gel. The gels were stained with silver nitrate and commassie brilliant blue R-250 (Sigma, St. Louis, USA).
Serum collection
Sera used in this study were pooled from 51 adult patients (33 men and 18 women aged 20 to 60 years) whose asthma had been confi rmed by a physician. The majority (62.7 %) were younger than 40 years. They were recruited in the Tehran Allergy Clinic, Iran. The sera were also taken for testing from an age and sex matching control population of 22 healthy subjects (15 men and 7 women) with no personal or family history of atopy. All subjects gave informed consent to participate in the study.
All underwent a detailed clinical examination with special attention to the respiratory system. All subjects also completed a questionnaire with personal data and information related to possible confounding factors such as smoking, drugs used, history of diseases, respiratory and non-respiratory allergic symptoms, history of oral corticosteroid use and other therapies. All patients had a history of bronchitis, diffi culties breathing, and limited lung capacity. None took any kind of medications. Only fi ve patients smoked.
Blood was collected by venipuncture in BD vacutainers (Becton Dickinson, UK) and allowed to clot to facilitate serum collection. Sera collected from each subject were pooled into one sample for each study group, frozen, and stored until use.
Serum IgE against F. solani antigens was determined using the immunoblotting assay.
IgE immunoblotting
The 
RESULTS
The SDS-PAGE electrophoregram obtained from cytoplasmic extracts of F. solani isolates has shown 29 protein bands with molecular weights ranging from 24 kDa to 112 kDa (Table 1 and Figure 1) . The gel showed a moderate degree of similarity between the protein banding patterns of various fungal isolates. Overall, the isolates differed in 27 bands whereas two bands were common in all isolates. The most common protein bands were 24 kDa and 32 kDa, followed by 72 kDa and 50 kDa, whereas bands with molecular weights of 108 kDa, 87 kDa and 40 kDa were the least common bands within the F. solani isolates.
As isolates 1, 4, 8, and 12 had the highest number of protein bands, they were selected for immunoblotting to detect the presence of IgE against F. solani antigens. Immunoblotting of the pooled sera of the asthmatic patients showed a strong reaction to fungal extracts. At the same time, no positive result was observed in controls. IgE responded to 29 different bands in asthmatic patients (Figure 2 ). The strongest response was to the following six allergens: 24 kDa, 58.5 kDa, 64.5 kDa, 69 kDa, 72 kDa, and 97 kDa. 
Figure 1 Protein components of crude extracts of Fusarium solani isolated with SDS-PAGE.
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DISCUSSION
Members of the genus Fusarium are common indoor and outdoor airborne fungi, confi rmed to cause bronchial asthma (18) . Earlier studies (19, 20) suggest that sensitivity to fungi is common, especially in patients with asthma.
Polyacrylamide gel electrophoresis is frequently used to isolate and identify proteins from different fungal species (21) . The same method was successfully employed in the present study. The most important fi nding is that F. solani isolates showed several similar It is diffi cult to identify a protein in a complex antigen extract on the basis of its molecular weight, and sometimes the same antigen differs in molecular weight between studies. This discrepancy may be related to differences in the calculation of molecular weight, differences in medium composition and incubation temperature or to the presence of several antigens with the same molecular weight (25) . Investigation should be continued to further specify the bands. For clinical diagnosis it is essential to identify the allergenic profi les of the Fusarium species, F. solani in particular, and see if there are any IgE-cross reactivities between major allergens of this widespread fungus. Immunoblotting is a readily available and simple screening test for IgE binding to major F. solani allergens. In this study, we identified six major allergens of F. solani with molecular weights of 24 kDa, 58.5 kDa, 64.5 kDa, 69 kDa, 72 kDa, and 97 kDa. In two studies conducted by Verma et al. (11, 26) , a 65-kDa allergen of F. solani bound IgE from all the sera of asthmatic patients. Verma et al. (27) also demonstrated that peptide named IV-1, a 3.4-kDa fragment of the 65-kDa allergen, was highly allergenic and bound to IgE in the sera of most F. solani-positive patients. In another study (28) , the same researchers found that a 45-kDa allergen of F. solani reacted with patients' sera sensitive to many fungi.
In general, IgE response seems to vary from country to country. Our results disagree with the fi ndings of O'Neil et al. (12) and Hoff et al. (29) , who established IgE response to extracts of Fusarium species in 24 % and 50 % of atopic patients from the USA and Germany, respectively. The reasons for these differences are not clear, but point to differences in exposure between these countries that may involve climate/geography, Fusarium strains, heating, ventilation, and air-conditioning. In addition, the study procedures may have varied, including the allergen extraction methods, patient recruitment criteria, and assays used. Furthermore, immune responses to the allergens may vary between different populations and even races (30) , as allergies result from an interplay of various environmental and genetic factors. Nevertheless, this discrepancy between our and the reported studies needs further clarifi cation.
In conclusion, we identifi ed six allergenic bands of F. solani (corresponded to 24 kDa, 58.5 kDa, 64.5 kDa, 69 kDa, 72 kDa and 97 kDa proteins), which showed the highest IgE-binding frequency in asthmatic patients. These results suggest that different allergenic components of F. solani may produce symptoms of asthma in susceptible individuals and call for further investigation.
